The discrimination of Rhizobium meliloti by pyrolysis mass spectrometry and DNA studies was investigated. It was found that the separation of these strains by these two methods was similar. When different Curie-point temperatures, 358°C and 53OoC, were employed the results obtained were highly correlated, even though the data were not comparable.
The ability of pyrolysis mass spectrometry (Py-MS) to discriminate between closely related bacteria is now well established. Shute et al. (1984) have shown that Py-MS can differentiate between Bacillus subtilis and Bacillus amyloliquefaciens which is a demanding test for Py-MS because the distinction has been difficult to make using conventional methods. Py-MS has also been used to discriminate four genotypically related strains of Escherichia coli K-12; a parent strain, UB5201, and three derivatives, each containing one of the antibiotic resistance plasmids, pBR322, pACYC184 or R388 (Goodacre & Berkeley 1990) .
Another useful method for discriminating between strains is to use procedures which compare relatedness at the level of DNA sequence. This is done by isolating DNA, cutting it with restriction enzymes, separating the fragments by electrophoresis, and hybridizing them to labelled DNA corresponding to sequences within the chromosome or plasmids.
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This procedure was used by Hartmann (1989) to distinguish isolates of Rhizobium meliloti.
In this study we compare the abilities of Py-MS and DNA hybridization to provide information about the relatedness of the Rhizobium meliloti strains.
Materials and Methods

B A C T E R I A L S T R A I N S
Eight strains of Rhizobium meliloti were used in this study ; 111, 115, 124, 151, 214, 231, 333 and 342. They were isolated from an uninoculated field in 1983 (Hartmann 1989 ). All were maintained on yeast mannitol agar slopes at -4°C.
G R O W T H MEDIA
For Py-MS studies all strains were grown on nutrient agar (Lab M, batch number BN90317) for 4 d at 28°C. Yeast mannitol agar was prepared as described by Beringer et al. (1984) .
S A M P L E P R E P A R A T I O N
Each of the clusters was grown in duplicate and two samples were prepared from each, giving four replicates for each culture.
Clean Ni-Fe foils (Horizon instruments, Heathfield, Sussex) were inserted, with clean forceps, into a clean pyrolysis tube (Horizon Instruments) so that 6 mm was protruding from the mouth of the tube. Bacterial growth was picked up, avoiding the growth medium surface, using a disposable plastic loop and smeared on 5 mm of the protruding part of the foil to give a uniform surface coating. The sample was then vacuum desiccated and the foil pushed 10 mm into the tube using a clean stainless steel depth gauge, to locate the sample tube for pyrolysis. Viton O-rings (Horizon Instruments) were placed on the tubes.
P Y R O L Y S I S M A S S SPECTROMETRY
The samples were analysed using a Horizon Instruments PYMS-2OOX pyrolysis mass spectrometer. Curie-point pyrolysis was at 358"C, 530°C or 770°C for 4 s in a vacuum. The temperature is determined by the ratio of the iron to nickel alloy of the foil (ratio Fe : Ni); 358°C (0: 100) and 530°C (50: 50). The expansion chamber, valve and collimating tube interfacing the pyrolysis tube with the mass spectrometer were heated at 150°C. Fragments produced were ionized by collision with a cross beam of low energy (30 eV) electrons, and the ions were separated in a quadrupole mass spectrometer, which scanned the pyrolysate 160 times at 0.2 s intervals from initiation of pyrolysis. Integrated ion counts at unit mass intervals from 51-200 were recorded on floppy disk, together with pyrolysis sequence number and total ion count for each specimen (Aries et al. 1986 ).
M A T H E M A T I C A L A N A L Y S I S
Raw data were processed on an OPUS PCV computer, running programs written in the GENSTAT statistical language. The methods have been described previously (MacFie & Gutteridge 1982; Gutteridge et al. 1985) . The first stage is data normalization to remove the effect of sample size difference, followed by principal component analysis (Gutteridge et al. 1979 ) to reduce data for canonical variates analysis (CVA) (MacFie et al. 1978) , a form of discriminant analysis (Windig et al. 1983) . In CVA plots the 95% tolerance region is constructed round each sample mean by the Chi-squared distribution on two degrees of freedom (Krzanowski 1988) . CVA produces a generalized distance matrix which can be transformed to a percentage similarity matrix, using the Gower similarity coefficient S , (Gower 1971) , to make these data amenable to average linkage cluster analysis and to allow the production of the dendrogram or a minimum spanning tree.
D N A S T U D I E S
DNA isolation, restriction, separation, and hybridization procedures were as described by Maniatis et al. (1982) , with the exception of nonradioactive hybridizations which were done with a Boehringer kit (Boehringer Corp. Ltd., Bell Lane, Lewes, E. Sussex) using the procedure outlined by the manufacturer. DNA was probed with the following plasmids: pRWRm13 (Wheatcroft & Watson 1987) , which contains 0.9 kb of the internal part of the R . meliloti insertion sequence ISRml ; pRmR2 (Ruvkun et al. 1982) , which contains a 3.9 kb segment DNA from R. meliloti carrying nifH and part of n i p ; pGMI42R (Julliot & Boistard 1979) , which contains a 10 kb sequence of R. meliloti chromosomal DNA. Total, or plasmid DNA alone, was restricted with EcoRl and hybridized with the different probes (Hartmann 1989; Hartmann & Amarger 1991) .
Results and Discussion
The dendrogram produced following DNA studies is shown in Fig. la . This represents the relationship of the strains derived from DNA probing, using a single or combination of probes. Similarity percentages are n jt available. It can be seen (Fig. la) When the experiment was repeated using a pyrolysis temperature of 358°C an identical CVA plot and dendrogram was obtained (data not shown). It was not possible, however, to compare directly spectra with those obtained by pyrolysis at 530°C. This is because at the different Curie-point temperatures thermolytic cleavage produced dissimilar pyrolysis fragments and hence visibly different spectra (not shown).
At first sight it may seem surprising that Py-MS and DNA procedures gave similar profdes of relatedness. DNA hydridization to restriction fragments should be totally independent of minor changes in metabolism or to the presence of additional plasmids, whereas both can be detected by pyrolysis (Goodacre & Berkeley 1990; Goodacre et al. 1991) . It has been previously seen, however, that analysis of strains by pyrolysis does correlate remarkably well with results obtained using classical and DNA hydridization methodology (ODonnel et  al. 1980) . Clearly, Py-MS is more subject to changes in procedure, although Curie-point pyrolysis at temperatures of 358°C and 530°C gave highly correlated results, the data were not comparable.
In conclusion, the discrimination of these eight R. meliloti strains by Py-MS successfully mirrors the separation of these strains based on DNA studies and demonstrates the potential for studies utilizing both procedures to provide information about the relatedness of populations of micro-organisms.
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